Budget:
• Total DOE funding: $1,476,000 • Total funding received as of March, 2009: $44,702.60 Barriers:
• 
Partners:
1. Work on surface modification of carbon (previous DOE program DE-FC36-03GO13108) will be leveraged to create new carbon-based, metal-free catalysts for oxygen reduction.
2. Work done under a partnership with NASA Glenn, Savannah River National Laboratory, and ENrG Inc. will be leveraged to create a new symmetrical SOFC design with greatly increased durability, efficiency, and ease of manufacturing.
3. Recent advances at the University of South Carolina (USC) in controlled hydration and temperature characterization of polymer-based materials will be used to establish a methodology for characterization of materials for seals in PEM stacks, leveraging work being done in the USC National Science Foundation Industry /University Cooperative Research Center.
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Approach -Overview (continued)
4. The partnership with NREL, ANL, SRNL, LANL and investigators at other universities involved in the DOE Hydrogen Quality program at the national level will form the foundation of an effort to understand contaminant adsorption/reaction/transport/performance relationships at low contaminant levels in PEM cells.
Conceptual foundations laid by previous and ongoing research supported by a variety of mission agencies and companies including United Technologies Fuel
Cells, ExxonMobil, and Henkel Loctite will be used to create a multiphysics engineering durability model based on electrochemical impedance spectroscopy interpretations that associate the micro-details of how a fuel cell is made and their history of (individual) use with specific prognosis for long term performance, with attendant reductions in design, manufacturing, and maintenance costs and increases in reliability and durability
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PROJECT SUMMARY
The activities of the present program are contributing to the goals and objectives of the Fuel Cell element of the Hydrogen, Fuel Cells and Infrastructure Technologies Program of the Department of Energy through five sub-projects, which report significant progress since beginning in September, 2008:
The development of metal-free oxygen reduction catalysts to reduce cost, facilitate manufacturing, and enhance durability of fuel cells The development of redox stable mixed ionic and electronic conductors (MIECs) for bi-electrode supported cell (BSC) symmetrical (and other) SOFC designs The development of durable, low cost seals for PEM stacks, through the establishment of laboratory characterization methodologies that relate to cell/stack performance The development of understandings and methodologies to establish hydrogen quality as it relates to PEM cell applications for transportation needs The development of first principles multiphysics durability models based on interpretations of Electrochemical Impedance Spectroscopy (EIS) data that form a foundation for engineering durability during design and manufacture of fuel cells • The onset potential for ORR is as high as 0.9 V on the mesoporous carbon-based composite catalyst (Fe-CN x ). 
Technical accomplishments -milestones:
The mesoporous carbon-based composite catalyst was synthesized which is active for ORR.
A relationship between activity and nitrogen concentration of the composite catalysts was demonstrated. The "catalyzed pyrolysis" conditions were optimized to improve the activity of the composite catalysts.
The mesoporous carbon-based composite catalyst shows good fuel cell performance.
The catalytic activity is as high as 1.3 A cm -2 at 0.3 V for 2 mg cm -2 catalyst loading in the fuel cell.
Technical Accomplishments & Progress -Catalysts
Sub-Project 2: Hydrocarbon Fuel Powered
High Power Density SOFC
Frank Chen Department of Mechanical Engineering
University of South Carolina
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Technical Accomplishments & Progress
Objectives / Relevance
This main focus of this project is to develop a high performance solid oxide fuel cell (SOFC) which can directly operate on hydrocarbon fuels and achieve high power density.
In order to meet this goal, the experiments are designed with the following tasks:
• Fabricate hierarchically porous electrode microstructures.
• Develop mixed ionic and electronic conducting electrode materials.
• Develop anode materials which are capable of direct utilization of hydrocarbon fuels with tolerance to carbon formation and sulfur poisoning.
• Demonstrate high power density SOFCs using hydrocarbon fuels.
Technical Accomplishments & Progress -SOFC
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Approach
Hierarchically porous cathode structure to improve cathode performance by facilitating mass transport while increasing reaction sites a) urea is uniformly distributed in the precursor complex; b) urea decomposes at 70 ºC and macropores are formed; c) surfactants are burned off, leaving mesopores inside the macroporous walls; d) upon calcination, shrinkage occurs for the macropores.
Schematic illustration of the self-rising approach to synthesize 3-dimensionally order macroporous (3DOM) cathode material.
Technical Accomplishments & Progress -SOFC
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Approach
Mixed ionic and electronic conducting ceramic anode which is carbonformation resistant and sulfur tolerant. 
Accomplishments / Milestone
High density LSGM samples obtained for conductivity measurement after sintering at 1500 o C; Pure perovskite phase; XRD peaks split at T>900 o C; understanding the cause for XRD peak splitting and effects on conductivity ongoing 
4.1
Develop techniques to assess transport of Sulfur species;
09/30/09 25% On-Track.
Measure transport rates and assess effect on contamination 03/30/10 0% Not started.
Develop improved activation-loss model 10/30/09 0% Not started.
4.2
Develop techniques to measure the isotherms and rate constants of Sulfur species 06/30/10 25% On-Track.
Develop techniques to measure ion exchange and reaction rates of NH 3 08//30/10 0% Not started.
4.3
Publish comparison of model with performance data 06/30/10 10% On-Track.
Disseminate the data and findings 10/31/10 12% Ongoing. We can explain these results by considering that under humid conditions NH 3 would be dissolved in water and converted to NH 4 + which could displace (by ion exchange?) and H+ in the ionomer of the electrode and/or the membrane
Accomplishments / milestones:
We have developed techniques to identify the sulfur species that adsorb on the cathode through temperature programmed desorption and reaction. We chose SO 2 as a preliminary model compound for sulfur species in the fuel that may be transported to the cathode. The strongly adsorbed species may accumulate so that dosage is a important variable. 
We have developed techniques to quantify the accumulation of SO 2 in the cell in the presence of water. We chose SO 2 as a preliminary model compound for sulfur species in the fuel that may be transported to the cathode.
We can explain these results by considering that under humid conditions SO 2 would be dissolved in water and converted to HSO 3 -. Thus it is not simply the concentration which must be understood but the dosage (total exposure of sulfur species) which must be reported to understand the performance loss. 
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Technical Accomplishments & Progress -H Quality
Sub-Project 4: Summary-Technical Accomplishments
The extent of transport of NH 3 has been quantified as a function of humidity in the anode and cathode streams; a mechanism for the transport has been verified at open circuit conditions to serve as a baseline for studying transport and reaction under load.
Ex-situ methods have been developed to identify sulfur species that remain on the catalysts and to measure isotherms for SO 2 adsorption on Pt/C catalysts using temperature programmed desorption/reaction techniques. At least two sulfur species on the surface of Pt catalysts in the presence of N 2 are indicated. Studies in the presence of O 2 and H 2 O have been started. These studies have implications for sulfur species transport from fuel contaminants.
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Technical Accomplishments & Progress -H 2 Quality
Sub-Project 4: Summary-Technical Accomplishments
Work on a new model to describe partial recovery of performance indicative of sulfur and CO contamination has begun. The model accounts for the simultaneous presence of two contaminant adsorbents on the catalyst surface. During performance recovery, one of the adsorbents will desorb but the catalyst surface will still be partially covered with another adsorbate. Thus, the cell performance is only be partially recoverable. Work has begun on extracting rate constants from experimental data for the understanding transient performance loss and recovery when pluses of contaminants are introduced. 
Sub-Project
Objectives / Relevance
Durability is one of the most prominent barriers cited by DOE (Barriers A-G; Tasks 9-models, 10-long term failure mechanisms, 11-innovative fuel cell design and manufacture). First principles models are especially needed to establish a bridge between the science that makes fuel cells possible and the engineering that makes them work. Manufacturing of nanostructures, a rapidly developing discipline, also requires the guidance of science-based models.
Approach
The authors are leveraging prior work on several DOD programs to create a first principles multiphysics durability model based on interpretations of Electrochemical Impedance Spectroscopy (EIS) data that link the multiphysics processes, the microstructure, and the material states, with cell impedance responses and global performance, mechanistically, as a foundation for engineering durability during design and manufacture of fuel cells. 
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